Beneficial actions of nitrates in cardiovascular disease.
Nitroglycerin and the long-acting nitrates have been used in cardiovascular medicine for >100 years. Nitrates are widely utilized for the various anginal syndromes and are also used in congestive heart failure and patients with left ventricular dysfunction. The potential mechanisms for relief of myocardial ischemia with nitrates are multiple. The nitrovasodilators are a related group of drugs that result in the formation of nitric oxide (NO) within vascular smooth muscle cells. NO stimulates the enzyme guanylate cyclase, which results in increases in cyclic guanosine monophosphate and vasodilation. In the presence of atherosclerosis, endothelial dysfunction is ubiquitous and associated with decreased NO availability, probably due to increased destruction of NO by free radical anions. Nitrovasodilators, including the nitrates, supply exogenous NO to the vascular wall and improve the vasodilator state. When nitrates are administered, endothelial-dependent stimuli cause relaxation rather than constriction in the setting of endothelial dysfunction. Nitrates also have antiplatelet effects, and recent evidence confirms that these drugs decrease platelet aggregation and thrombosis formation. This may play an important role in the therapy of acute unstable myocardial ischemia, including unstable angina and myocardial infarction. Nitrate hemodynamic effects have been long known. They are primarily modulated through a decrease in myocardial work that results from smaller cardiac chambers operating with lower systolic and diastolic pressures. These changes are caused by a redistribution of the circulating blood volume away from the heart to the venous capacitance system, with a fall in venous return to the heart. The afterload or arterial effects of nitrates are also useful in decreasing myocardial oxygen consumption. Considerable evidence confirms a variety of mechanisms whereby nitrates increase coronary blood flow, including epicardial coronary artery dilation, stenosis enlargement, enhanced collateral size and flow, improvement of endothelial dysfunction, and prevention or reversal of coronary artery vasoconstriction. These effects help increase nutrient coronary blood flow to zones of myocardial ischemia. Recent data with the nitroglycerin patch confirm that myocardial ischemia is decreased after nitrate administration. Nitroprusside, another nitrovasodilator, is a commonly used intravenous agent for lowering arterial pressure and left ventricular filling pressure. This drug is highly effective for the treatment of acute or severe hypertension and congestive heart failure. However, there are data suggesting that nitroprusside may be deleterious in the presence of acute myocardial ischemia, perhaps by shunting blood away from zones of jeopardized myocardial blood flow. Therefore, nitroprusside cannot be recommended to treat myocardial ischemia; intravenous nitroglycerin should be used in this context.